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Transesophageal echocardiography is being increasingly utilized 
in the operating room and intensive care and ambulatory settings. 
However, to date no data are available concerning possible 
trauma of the transesophageal echocardiographic technique to the 
esophagus due to probe insertion, manipulation or direct ultra-
sound energy transmission. To test the hypothesis that transesoph-
ageal manipulations caused no traumatic or thermal injury to the 
esophageal mucosa, 12 animals were studied with continuous 
transesophageal echocardiography for a period of variable dura-
tion (mean 4.6 h ± 51 min). 
The study group consisted of four monkeys (mean weight 5.7 ± 
0.6 kg and eight mongrel dogs (mean weight 29.8 ± 1.4 kg). The 
Transesophageal echocardiography has recently generated 
widespread interest because of its unique capabilities in a 
variety of settings. These include the operating room, where 
it is used to assess the results of cardiac surgery and to 
monitor cardiac function during cardiac or non cardiac sur-
gery (1-6). In addition, transesophageal echocardiography is 
being increasingly utilized in patients in an intensive care 
unit (7) and in conscious. ambulatory patients when trans-
thoracic imaging is inadequate to competently answer the 
clinical question posed and the need for further information 
is pressing (8). 
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eight dogs were studied during right heart bypass with full 
heparinization for 6.6 ± 0.2 h, whereas the four monkeys were 
studied for 60 to 90 min in the absence of cardiopulmonary bypass 
and anticoagulation. Immediately after completion of transesoph-
ageal echocardiography in each case, the esophagus was entirely 
excised. Detailed macroscopic and microscopic examination of the 
esophagus revealed no significant mucosal or thermal injury. 
This preliminary animal study suggests that transesophageal 
echocardiography is safe for the esophageal mucosa in animals as 
small as 5 kg in weight, despite prolonged use and in the presence 
of systemic anticoagulation. 
(J Am Coll CardioI1991;17:1426-9) 
Although early clinical reports (2,9) indicate that trans-
esophageal echocardiography has an excellent safety record 
in terms of patient -related complications, there are currently 
no reports on the effects of probe insertion, manipulation or 
prolonged operation on the esophagus itself. Most commer-
cially available esophageal probes have both a smooth, 
rounded contour to minimize blunt trauma to the esophageal 
mucosa and a variety of safety mechanisms to prevent 
localized overheating at the surface of the transducer. How-
ever, the precise effect of these probes on the esophagus 
remains undetermined. 
This study sought to determine whether prolonged trans-
esophageal echocardiography resulted in traumatic or ther-
mal injury to the esophageal mucosa in vivo in both primate 
and canine models. 
Methods 
Experimental design. Twelve animals undergoing other 
experimental protocols were prospectively studied by 
transesophageal echocardiography. These consisted of four 
cynomolgus monkeys (mean weight 5.7 ± 0.6 kg, range 5.2 
to 6.5) that were cardiac donors in a transplantation proto-
col. These monkeys had the transesophageal probe intro-
duced immediately after endotracheal intubation, with con-
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Figure 1. Macroscopic appearance of 
esophagus excised from a 5.2 kg mon-
key after transesophageal echocardiog-
raphy. A, The excised trachea and 
esophagus are to the left of the esoph-
ageal probe. This probe has a shaft 
diameter of 9 mm and a maximal trans-
ducer diameter of 12 mm. D, The 
esophageal probe is within the excised 
esophagus. C, The probe is angulated 
to 90° anteriorly within the esophagus. 
D, The esophagus opened longitudi-
nally revealed no macroscopic injury. 
tinuous imaging and manipulation of the probe performed for 
60 to 90 min. During transesophageal echocardiography. 
these monkeys were not on cardiopulmonary bypass nor 
receiving systemic anticoagulation. The study group also 
included eight mongrel dogs (mean weight 29.8 ± 1.4 kg 
[range 25 to 37]) that were undergoing an experimental 
protocol involving a model of hypertrophic cardiomyopathy. 
These dogs also had a transesophageal probe inserted 
shortly after endotracheal intubation, with imaging and 
manipulation performed for a mean duration of 7.5 ± 0.8 h 
(range 5.5 to 8.5). The dogs were maintained on right heart 
bypass on full heparinization for a mean duration of 6.6 ± 
0.2 h (range 6 to 7.5). 
In all animals the probe was deliberately manipulated 
throughout the length of the esophagus. angulated to its 
maximal extent in all dimensions and positioned so as to 
obtain the usual views available from the esophageal window 
(3 ,8). M-mode and two-dimensional images were recorded 
together with pulsed Doppler ultrasound and color flow 
mapping. 
Transesophageal echocardiographic equipment. Two 
monkeys and two dogs were studied with the use of an Aloka 
5 MHz transesophageal probe (model UST-5220V-5) at-
tached to an Aloka SSD-860 machine. This probe has a 
maximal diameter of 12 mm at the transducer and 9 mm at 
the shaft of the gastroscope ; it has the ability to flex to a 
maximum of 120° in both an anterior and a posterior direc-
tion. It also has a temperature sensor at the distal tip of the 
transducer to prevent local overheating. The sensor causes 
the system to cease scanning when the temperature detected 
exceeds 38SC. The other two monkeys and six dogs were 
studied with a Hewlett-Packard 5 MHz transesophageal 
probe (model 21362A) attached to a Hewlett-Packard ultra-
sound imager (model 77020A). This particular probe has a 
maximal diameter of 14 mm at the transducer and a shaft 
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diameter of approximately 10 mm, with the ability to flex to 
120° anteriorly and 90° posteriorly, medially and laterally. In 
addition, the latter probe was routinely covered with a 
disposable sheath (Hewlett-Packard, 40487 A). The temper-
ature safety mechanism in the distal tip of this latter probe 
causes power in the system to shut down when the surface 
temperature exceeds 41.25°C. 
Pathologic assessment. After completion of transesoph-
ageal echocardiography in each case, the esophagus was 
excised in its entirety and SUbjected to a detailed macro-
scopic and microscopic assessment by an independent pa-
thologist. In all cases transmural tissue sections were em-
bedded from the upper, middle and lower esophagus. Any 
other areas with macroscopically suspected trauma were 
also processed. Hematoxylin-eosin-stained histologic sec-
tions of all embedded tissue were evaluated for any evidence 
of mucosal or submucosal erosions, necrosis, denaturation 
or inflammation. 
Results 
In all animals in the series, pathologic examination of the 
esophagus revealed no macroscopic (Fig. ID) or micro-
scopic evidence of mucosal or thermal injury after the 
procedure of transesophageal echocardiography. The mu-
cosa, in particular, was well preserved, revealing no stig-
mata of blunt trauma, tissue necrosis or thermal injury. This 
applied equally to the relatively large canine esophagus and 
to the small esophagus of the monkey; the latter, at rest, had 
a diameter similar to that of the esophageal probe (Fig. lA). 
The primate esophagus appeared to be relatively distensible 
when the probe was introduced into and manipulated within 
the excised esophagus (Fig. I. B and C). 
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Discussion 
In view of the increasing use of transesophageal echocar-
diography in a variety of settings and the prolonged period 
during which imaging can occur, it is clearly important to 
establish that this technique causes no local damage to the 
esophagus. Theoretically transesophageal echocardiography 
might cause harmful effects to the esophagus and surround-
ing structures because of mechanical pressure, thermal 
injury or other biologic effects of the applied ultrasound 
energy. 
Mechanical effects. To date, there are no reports of 
mechanical trauma to the esophagus due to transesophageal 
echocardiography, although most centers are careful to 
exclude from this procedure patients with known esophageal 
disease. However, upper gastrointestinal endoscopy has 
caused esophageal trauma and rupture in rare cases but such 
complications have usually been in the setting of known 
esophageal abnormalities (strictures or neoplasms, for ex-
ample) or deliberate interventions (dilation or biopsy [10)). 
Pressure necrosis of the esophageal wall has been associated 
with the use of the Sengstaken-Blakemore tube to create 
esophageal tamponade, particularly when inflated for more 
than 8 h (11). Although the esophageal echocardiographic 
probe and the Sengstaken-Blakemore tube differ totally in 
design and use, they both are able to exert various degrees of 
pressure against the wall of the esophagus. Thus, there is a 
theoretic possibility of pressure necrosis from the esopha-
geal probe, particularly when it is used for prolonged peri-
ods. In our study, however, continuous imaging and manip-
ulation of the esophageal probe were performed for up to 
8.5 h with no evidence of pathologic damage to the esopha-
geal mucosa on detailed macroscopic and histologic exami-
nation. 
The eight dogs were fully heparinized and were on right 
heart bypass during most of the time they were being studied 
with transesophageal echocardiography, a situation analo-
gous to that of patients undergoing a prolonged cardiac 
surgical procedure. If these results can be extrapolated to 
the human situation, they are reassuring with respect to the 
safety of transesophageal echocardiography for cardiac sur-
gical patients and for patients with high risk cardiac disor-
ders who may require monitoring with transesophageal 
echocardiography during prolonged noncardiac surgical pro-
cedures. Similarly, in conscious patients a transesophageal 
echocardiographic study usually lasts 10 to 30 min (2,8), and 
our results suggest that this procedure is unlikely to trauma-
tize the esophagus even in patients receiving anticoagulant 
medications for a prosthetic valve, a frequent indication for 
the study. 
Our results are consistent with data from one recent 
report (12) in which fiber optic endoscopy, performed in nine 
children (9 to 16 years old) within 24 h of transesophageal 
echocardiography, revealed no visible esophageal abnormal-
ities. However, this clinical study did not allow for a 
thorough histopathologic examination of the esophagus in 
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addition to a macroscopic assessment and therefore could 
not exclude the possibility that there were areas of subtle 
mucosal injury or more extensive submucosal or muscular 
damage. 
Thermal effects. It is also possible that ultrasound could 
harm tissue through local heating. l) The crystal vibration in 
the ultrasound probe can cause local heating after prolonged 
use, which may result in direct thermal injury to the esoph-
ageal mucosa. Although local heating is not a problem with 
transthoracic imaging, the duration of imaging by the esoph-
ageal approach may be prolonged in a single location and the 
esophageal mucosa may be more sensitive than the kerati-
nized epithelium to thermal injury. 2) Whenever ultrasound 
injury is absorbed by any biologic material, heating can 
occur and can be more intense at a distance from the probe 
as a result offocusing. Such temperature increases cannot be 
adequately assessed by the sensor in the esophageal probe 
and thus cannot be addressed by the current study. In fact, 
the thermal sensor in the tip of the esophageal probe is not 
directly apposed to the transducer face and thus records 
local heating of the probe rather than mucosal temperature. 
However, in our studies, despite prolonged exposure, no 
thermal injury was noted in the esophageal mucosa, and 
excess heating did not cause the instrument to cease func-
tioning at any time. 
Thus, on the basis of these principles, localized heating of 
the esophageal mucosa and the adjacent mediastinal tissues 
could occur during transesophageal echocardiography. 
However, in this series there was no pathologic evidence of 
thermal injury to the esophageal mucosa, although the effect 
of possible heating on other adjacent tissues could not be 
assessed. 
Despite these data, it seems prudent to restrict the 
duration of imaging and Doppler studies with transesoph-
ageal echocardiography to the minimum required to resolve 
the clinical question posed. This may be particularly impor-
tant during the hypothermic phase of open heart surgery, 
when localized relative warming of the posterior left atrium 
or left ventricle would be undesirable. Fortunately, the 
temperature sensor in current esophageal probes causes the 
system to cease scanning when the temperature detected 
exceeds a predetermined level. In fact, this temperature 
sensor may be activated by overzealous rewarming of a 
patient's circulation after hypothermia, as has been our 
experience on one occasion in the operating room, causing 
the transesophageal echocardiographic system to shut down 
temporarily. Theoretically, any cause of patient hyperther-
mia may result in the same phenomenon and operators of 
transesophageal echocardiographic equipment need to be 
aware of this potential. 
Other biologic effects of ultrasound. There are some po-
tential effects of transesophageal echocardiography on oper-
ating room personnel. The question of the safety of trans-
esophageal echo cardiography to surgical and nursing staff 
has been raised. Current evidence suggests that transesoph-
ageal echocardiography, when used in the operating room, 
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presents no appreciable risks to the surgeon or other medical 
or nursing staff during cardiac or noncardiac surgery. 1) 
When recommended procedures are followed, scanning is 
performed only as needed, thus minimizing the output of 
ultrasound energy. 2) Ultrasound energy attenuates rapidly 
as it travels through esophageal, pericardial and myocardial 
tissue and blood because of energy absorption and beam 
scattering. After 5 cm the ultrasound energy is reduced by 
82% and after 7 cm, by 91%. Furthermore, beyond 5 cm the 
beam is past the focal point and begins to disperse, with 
intensities decreasing rapidly as energy is spread over a 
wider beam area. 3) The transmission of ultrasound through 
air is negligible because the tissue-air interface has poor 
acoustic coupling with low energy transfer and high beam 
scattering. Airborne attenuation from energy absorption and 
dispersion is much higher than in tissue and virtually total at 
a distance of 6 in. (15 cm). Thus, during an open heart 
procedure, for example, the ultrasound intensity at the upper 
surface of the heart (assuming that the transducer is emitting 
maximal intensity levels allowed for cardiac imaging) is 
reduced to levels allowed for ophthalmic scanning and only 
infinitesimal amounts of ultrasound energy (too small to be 
measurable) reach as far as the surgeon's eyes (13). 
Conclusions. Transesophageal echocardiography ap-
peared to cause no traumatic or thermal injury to the 
esophagus in the relatively small primates and large dogs 
studied despite the long duration of the procedure in com-
parison with the usual 10 to 30 min duration of an outpatient 
study (2,8). Furthermore, the dogs studied were analogous 
to patients undergoing prolonged cardiac or noncardiac 
surgical procedures because they were all fully heparinized 
and maintained on right heart bypass for several hours. The 
monkeys studied were similar in size to human infants, 
suggesting that transesophageal echocardiography, when 
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indicated, may be used in pediatric patients without harming 
the esophagus. 
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